Expression of an active phytoene synthase from Erwinia uredovora and biochemical properties of the enzyme.
The crtB gene encoding phytoene synthase from the carotenogenic enterobacterium Erwinia uredovora was overexpressed to about 20% of the total cellular protein in Escherichia coli. Formation of the active phytoene synthase had the effect of suppressing the growth of the expressing strain. Presumably inhibition of growth arose from the depletion of the substrate geranylgeranyl pyrophosphate (GGPP) which, in E. coli, is necessary for the synthesis of essential prenylpyrophosphate derivatives. In order to overcome the poor growth characteristics of the phytoene synthase expressing strain, GGPP levels were increased by co-expressing the isoprenoid biosynthetic genes crtE and idi, encoding the Erwinia GGPP synthase and Rhodobacter isopentenyl pyrophosphate isomerase, respectively. The crude enzyme preparation was partially purified 15-fold by chromatography on a DEAE column. A non-radioactive assay was developed that enabled the conversion of GGPP to phytoene. The reaction product was identified by co-chromatography with authentic standards on HPLC systems and comparison of spectral characteristics. The phytoene formed in vitro was present in both a 15-cis and all-trans isomeric configuration. The essential cofactors required were ATP in combinations with either Mn2+ or Mg2+. The Km value for GGPP was determined as 41 microM. Phytoene synthesis was inhibited by phosphate ions and squalestatin. The I50 value for the latter inhibitor was 15 microM. Lineweaver-Burk plots showed constant Km values in the presence or absence of squalestatin.